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(57) ABSTRACT 

The present invention discloses a method for displaying 
gene expression patterns of multiple genes that change 
according to the experiment cases, where a first axis repre 
sents the genes and a second axis represents the experiment 
cases. The method comprises two steps. The first step 
consists of designating a segment along the second axis in 
the expression pattern data of the multiple genes. The second 
step comprises clustering the expression pattern data within 
the designated segment along the second axis based on a 
predetermined reference value, repeating clustering within 
the same cluster in a forward or reverse direction along the 
second axis while changing the reference value, and dis 
playing the results according to a predetermined display 
format. 

11 Claims, 26 Drawing Sheets 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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METHOD AND APPARATUS FOR 
DISPLAYING GENE EXPRESSION 

PATTERNS 

FIELD OF THE INVENTION 

The present invention relates to a method and an appa 
ratus for displaying gene expression patterns resulting from 
hybridization with a specific gene at certain time points in a 
display format (or an output format) that displays the 
patterns in a visually apprehensible manner so that the 
functions and roles of the genes can easily be studied. 

BACKGROUND OF THE INVENTION 

With the increase in the number of species that have been 
determined of their genome sequences, so called genome 
comparison has extensively been performed. Genome com 
parison aims at finding something based on gene difference 
among species, for example, finding genes involved in 
evolution, finding a collection of genes which are considered 
to be common to all species, or conversely studying the 
nature unique to specific species. 
The recent development of infrastructures such as DNA 

chips and DNA microarrays has changed the interest in the 
art of molecular biology from information of interspecies to 
information of intraspecies, namely coexpression analysis, 
and broadened the study covering from extraction of infor 
mation to correlation of information, including the conven 
tional comparison between species. 

For example, if an unknown gene has an expression 
pattern identical to that of a known gene, the unknown gene 
can be assumed to have a similar function to that of the 
known gene. Such functional meanings of genes and pro 
teins are studied as function units or function groups. The 
interactions between the function units or function groups 
are also analyzed by correlating with known enzymatic 
reaction data or metabolism data, or more directly, by 
knocking out or overreacting a specific gene to eliminate or 
accelerate expression of the gene to study the direct and 
indirect influences on the gene expression patterns of the 
whole collection of genes. 
One successful case in this art field is the expression 

analysis of yeast by the group of P. Brown from the Stanford 
University (Michel B. Eisen et al., Clustering analysis and 
display of genome-wide expression patterns, Proc. Natl. 
Acad. Sci. (1998), Dec 8:95(25): 14863-8). They hybridized 
genes with a gene extracted from a cell in a time series using 
a DNA microarray and numerated the expression levels 
thereof (i.e., numerated the brightness of the hybridized 
fluorescent signals). By converting the values into colors, 
the expression pattern of each gene can be displayed in a 
visually apprehensible manner. At this point, genes that have 
a similar expression pattern during their gene cycles (genes 
having closer expression levels at the same point) are 
clustered together. 

FIG. 24 is a diagram showing an example of displaying 
expression status 2400 of genes according to the above 
described method, where the horizontal and vertical axes 
indicate time and genes, respectively. In this display, genes 
belonging to a common cluster may be considered to have 
common functional characteristics. In FIG. 24, each of the 
blocks 2401 represents expression status of a gene at one 
time point. In the figure, the expression status is schemati 
cally represented in a gray Scale format. 

FIG. 25 is a diagram showing an example of displaying 
expression status 2500 of genes according to the above 
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2 
described method, where the horizontal and vertical axes 
indicate experiment cases and genes, respectively. A den 
drogram shown on the left is made by stepwisely joining 
every two most similar clusters together. The length of each 
branch corresponds to the distance between the two joined 
clusters. In FIG. 25, each of the blocks 2501 represents an 
expression status of a gene at one time point. In the figure, 
the expression status is schematically represented in a gray 
scale format. 
The above-described displaying method allows a Suppo 

sition that genes belonging to the same cluster may possibly 
share common functional characteristics. 
With the gene expression patterns, however, it is not so 

simple as to elucidate the relationship among all of the genes 
in a cell by finding some gene groups having similar 
expression patterns for the entire cell cycle. 

For example, different genes may exhibit similar expres 
sion for having similar function at a certain time point. 
However, they may have different roles at other time point, 
at which point, of course, the expressions are different. 
According to the conventional method in which similar 
expression patterns are clustered together over the entire cell 
cycle, these genes are classified into different clusters. 
Therefore, it is difficult to find the above-mentioned char 
acteristics. 

In an actual analysis of gene expression patterns, enor 
mous amount of data will be subjected to clustering as 
shown in FIG. 25. The number of genes is several thousands 
to ten-thousands, or more than hundred-thousands at maxi 
mum. The experiment cases (data) employed may be of any 
number, for example, in an order of about ten to tens or 
hundreds. Thus the dendrogram shown in FIG. 25 will be 
very complicated, containing vast numbers of Small 
branches. 

FIG. 26 shows such a complicated case. The left part of 
FIG. 26 shows the entire results of clustering, targeting mass 
data of gene expression patterns. The right part of FIG. 26 
surrounded by a dotted line 2601 shows the results in a 
particular region enclosed in a window determined by a user 
to actually see a narrowed part of the entire results in more 
detail. 
The thus-obtained dendrogram 2602 represents the pre 

cise course of joining the most similar clusters. However, it 
is difficult for the user to find out how many clusters have 
briefly been classified by looking at this display to judge and 
guess the groupings of the genes. 

It would be useful for the user if the system can suggest 
the possible cases of the number of the clustering groups so 
that the user can select the most suitable clustering level. 
Specifically, data are automatically calculated into groups 
for various levels of clustering (e.g., 7, 28, 105 and 372 
clusters) so that the user may be able to study the grouping 
of the genes by selecting, from the menu of clustering levels, 
the suitable results of grouping closer to the desirable level 
of clustering. 
The present invention has an objective of solving Such 

conventional art problems by providing a method and an 
apparatus for effectively displaying gene expression patterns 
by finding different genes exhibiting similar expression for 
having the same function at one time point but having 
different roles at a different time point. 
The present invention also has an objective of providing 

a method and an apparatus for displaying gene expression 
patterns by automatically extracting brief groupings of clus 
ters from the results of clustering so that a user can select a 
desirable level of the grouping for more comprehensible 
display to study the groupings of the genes. In other words, 
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the present invention has an objective of providing a method 
and an apparatus for effectively displaying gene expression 
patterns by providing multiple selectable clustering levels. 

SUMMARY OF THE INVENTION 

In order to achieve the above-described objectives, the 
present invention provides a method for displaying gene 
expression pattern for visually displaying time sequential 
expression patterns of multiple genes whose expressions 
change according to experiment cases where a first axis 
represents the genes and a second axis represents the experi 
ment cases, the method comprising the steps of designating 
a segment along the second axis in the expression pattern 
data of the multiple genes; and clustering the expression 
pattern data within the designated segment along the second 
axis based on a predetermined reference value, repeating 
clustering within the same cluster in a forward or reverse 
direction along the second axis while changing the reference 
value, and displaying the results according to a predeter 
mined display format. 
The reference value refers to value for determining 

whether expression patterns of distinct genes are the same or 
different. 

Furthermore, the present invention displays two or more 
different genes according to the predetermined display for 
mat where they have the same expression pattern at the 
beginning but become to have different expression patterns 
within the segment along the second axis. 

The present invention also displays two or more different 
genes according to the predetermined display format where 
they have different expression patterns at the beginning but 
become to have the same expression pattern within the 
segment along the second axis. 
The experiment cases may be time sequential experi 

ments, states of individual's tissue, species of individuals, 
individual's sites, or presence and absence of an artificial 
condition. Alternatively, the experiment cases may be com 
binations of some of the group consisting of time sequential 
experiments, states of individuals tissue, species of individu 
als, individual’s sites, and presence and absence of an 
artificial condition. 
The present invention is also an apparatus for analyzing 

gene expression patterns, which acquires, from a database, 
expression pattern data of multiple genes whose expressions 
change according to experiment cases, and which visually 
displays the expression patterns on a screen of a display 
device where a first axis represents the genes and a second 
axis represents the experiment cases, the apparatus compris 
ing: 

an inputting means for designating a segment along the 
second axis in the expression pattern data of the mul 
tiple genes obtained from the database; and 
an arithmetic unit for clustering the expression pattern 

data within the designated segment along the second 
axis based on a predetermined reference value, 
repeating clustering within the same cluster in a 
forward or reverse direction along the second axis 
while changing the reference value, and displaying 
the results according to a predetermined display 
format. 

In order to achieve the above-described objectives, the 
present invention comprises a step of displaying a round 
number of the cluster groups for each clustering phase 
taking a recognition error range in consideration, for the 
results of the clustering analysis of the gene expression 
pattern data. 
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4 
For example, the results of the analysis at multiple phases 

are stored regardless of the recognition error range input by 
a user so that the user can choose the briefness of the 
analysis results to be displayed from multiple phases pre 
sented. 

In displaying the results, a phase scale bar and a dendro 
gram cross-cutting line are provided for selecting the phase 
from the multiple phases. The user can select a specific result 
at a desirable phase by moving the dendrogram cross-cutting 
line on the phase scale bar. Upon moving the dendrogram 
cross-cutting line on the phase scale bar, the number of gene 
groups (clusters) at that phase. Moreover, dividing lines for 
distinguishing the gene groups at that phase are displayed, 
and the gene groups of a predetermined size are specified. 

This specification includes part or all of the contents as 
disclosed in the specifications and/or drawings of Japanese 
Patent Applications Nos. 11-277918 and 2000-88695 which 
are priority documents of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing one embodiment of 
an analyzing apparatus according to the present invention. 

FIG. 2 is a schematic view showing one example of gene 
expression pattern where a narrowed region has been Sub 
jected to clustering in a small range. (in forward time 
direction) 

FIG. 3 is a schematic view showing another example of 
gene expression pattern where a narrowed region has been 
Subjected to clustering in a small range. (in reverse time 
direction). 

FIG. 4 is a flowchart showing a scheme of the clustering 
process. 

FIG. 5 is a diagram for illustrating the relationship 
between the variables used for clustering and the actual data. 

FIG. 6 is a flowchart showing an algorithm with respect 
to the process of setting the initial parameters. 

FIG. 7 is a flowchart showing an algorithm of the process 
of determining the display area. 

FIG. 8 is a flowchart showing an algorithm for clustering. 
FIG. 9 is a flowchart showing the process following the 

process shown in FIG. 8. 
FIG. 10 is a flowchart showing a general algorithm for 

displaying. 
FIG. 11 is a diagram for illustrating an exemplary display 

of gene expression patterns resulting from clustering carried 
out by shifting a slit from the beginning of the clustering 
applied region in a forward direction along the time axis. 

FIG. 12 is a diagram for illustrating an exemplary display 
of gene expression patterns resulting from clustering carried 
out by shifting a slit from the end of the clustering-applied 
region in a reverse direction along the time axis. 

FIG. 13 is a schematic view showing an exemplary 
display of the results of a clustering analysis of gene 
expression patterns according to the present invention. 

FIG. 14 is a schematic diagram showing an exemplary 
structure of gene expression pattern data. 

FIG. 15 is a schematic diagram showing an exemplary 
structure of a cluster. 

FIG. 16 is a schematic diagram showing an example of 
generating a tree structure of clusters. 

FIG. 17 is a diagram showing an example of display data. 
FIG. 18 is a flowchart showing a general process of 

displaying gene expression patterns according to the inven 
tion. 

FIG. 19 is a flowchart for illustrating clustering analysis 
with respect to the process of generating a cluster tree. 



US 7,031847 B1 
5 

FIG. 20 is a flowchart for illustrating the clustering 
analysis with respect to the process of setting the cluster 
level. 

FIG. 21 is a flowchart for illustrating the clustering 
analysis with respect to the process of generating display 
data. 

FIG. 22 is a flowchart showing Process A (in FIG. 21) of 
display data generation in detail. 

FIG. 23 is a view showing an example of combining and 
clustering cancerous and normal cells. 

FIG. 24 is a diagram for illustrating an exemplary display 
of gene expression patterns obtained by clustering similar 
expression patterns together over the entire cell process. 

FIG. 25 is a diagram showing an exemplary display of the 
results of a standard clustering analysis of gene expression 
patterns. 

FIG. 26 is a schematic diagram showing an exemplary 
display of the entire results of clustering analysis and a 
corresponding display of the targeted cluster tree. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, the present invention will be described in 
more detail with reference to the accompanying drawings. In 
the following example, time sequential experiments are 
exemplified as typical experiment cases. 

FIG. 1 is a schematic view showing a system structure of 
one embodiment of an apparatus for analyzing gene expres 
sion patterns, which employs a method of the invention for 
displaying gene expression patterns. The analyzing appara 
tus of this embodiment is provided with a storage medium 
(or database) 101 for storing data of gene expression pat 
terns obtained by numerating the levels of gene expressions 
obtained during a series of cell process, a display 102 for 
visualizing and displaying the data of expression patterns, a 
keyboard 103 and a mouse 104 for inputting values into the 
system or for selection, and a clustering processor 105 for 
clustering the expression pattern data along the course of 
gene expressions. The clustering processor 105 is embodied 
with a computer and a program therefor. 
An alternative embodiment is configured such that the 

data of gene expression patterns is acquired from, instead of 
the storage medium 101, database supervised by a remotely 
provided server computer via a network or the like. 

According to this embodiment, a time segment is desig 
nated among the cell cycle to perform clustering within this 
time segment in a small range. 

Specifically, genes belonging to the same cluster are 
gathered together and a dividing line is drawn between 
distinctive clusters. Clustering is further performed for the 
genes belonging to the same cluster. As shown in FIG. 2, 
when clustering is repeatedly performed in Small range from 
the beginning of the clustering-applied region in the forward 
direction along the time axis, the course of gene expressions 
can be expressed as a tree structure. In FIG. 2, the designated 
time segment is shown as a clustering-applied region 201. 

In other words, the expression patterns within the clus 
tering-applied region are arranged that they have the same 
expression levels at the beginning but become different at 
Some point in the time segment. When such a display is 
obtained, it can be assumed that different genes exhibited 
similar expressions at the beginning for having the same 
function, but became to give different expressions at Some 
time point for having different roles. 

Similarly, when Small-range clustering is performed from 
the end of the clustering-applied region in reverse time 
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6 
direction, the gene expression patterns may be arranged into 
a reverse-tree structure as shown in FIG. 3. 

This display indicates expression patterns that are differ 
ent at the beginning of the region but become the same at 
Some point in the time segment. It can be assumed that, in 
this case, different genes have different functions at the 
beginning but at Some time point become to have similar 
roles. 

FIG. 4 is a flowchart showing a scheme of algorithm 
employed in the clustering processor 105 for clustering and 
displaying gene expression pattern data. 

First, initial parameters are set (Step 401) and a display 
area is determined (Step 402). The initial parameters will be 
described later in more detail. Then, displaying process is 
performed (Step 403), whereby the whole processing is 
ended. The present algorithm is for displaying expression 
patterns of different genes which at the beginning are the 
same but becomes different at some time point (FIG. 2). 

FIG. 5 is an illustration showing the relationship between 
the variables used in the present algorithm and the actual 
data. FIG. 6 is a flowchart showing details of the algorithm 
with respect to the process of setting the initial parameters 
(Step 401 in FIG. 4). 

First, data of gene expression patterns are read out from 
the storage medium 101. As shown in FIG. 5, the data of 
gene expression patterns contains expression pattern data of 
m+1 number of Sample genes go, g1, . . . g., obtained by 
experiments at time To, T. . . . T. The observed expression 
value of geneg, at time T is indicated as gii (Step 601). 

Then, the keyboard 103 and the mouse 104 are used to 
input a clustering-applied region (starting time T, and 
ending time T), positive values (K. K. . . . K.) 
as reference values for distinguishing clusters, an integer (S) 
indicating a range of clustering, and the methods of clus 
tering (Step 602). 
The solid lines 201 in FIGS. 2 and 3 indicate the clus 

tering-applied regions, namely a time segment within the 
cell cycle designated for further detailed clustering. For 
example, if a cell shows a particular expression pattern at 
Some time point during the cell cycle, the clustering-applied 
region may be designated to include that time point to 
monitor in further detail the expression status of every gene. 
The present invention is different from the conventional 
clustering fundamentally in that it does not cluster genes 
with similar expression status over the entire cell cycle as 
shown in FIG. 24, but arranges the gene patterns such that 
different genes have the same expression patterns at the 
beginning of the region but become to have different expres 
sion patterns within the region as shown in FIG. 2. 
The reference value for distinction between different 

clusters is a minimum value, namely threshold K, of dis 
similarity between the clusters. Since thresholds can vari 
ably be set as K. K. . . . . Kei, the level of 
clustering may be regulated to be brief or detailed along the 
time axis. 
The present system does not target the entire expression 

data obtained at time To, T. . . . T, for calculating dissimi 
larity for clustering, but selects a certain time segment to 
target data within that time segment for calculating dissimi 
larity. As shown in FIG. 5, this time segment is called a slit 
501 and the length S (a width along the time axis) of this slit 
501 is called a clustering range. According to the present 
algorithm, the beginning of the slit 501 is set to T, for 
clustering data within a range T, to Ts. Then, the slit 
501 is shifted in a forward direction along the time axis to 
cluster each of the grouped clusters within a range T to 
Ts-1. This procedure is repeated until the end of the slit 
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reaches T. The Smaller the clustering range is (i.e., the 
shorter the width of the time segment is), the more detailed 
difference between the gene expressions will be obtained. 

In the clustering process, the similarity or dissimilarity 
which indicates correlation between the genes upon cluster 
ing (Pearson's correlation coefficient, squared Euclidean 
distance, standardized squared Euclidean distance, Mahal 
anobis distance, Minkowsky distance, etc.) and algorithm 
for joining the clusters (nearest neighbor method, furthest 
neighbor method, group average method, centroid method, 
median method, Ward method, flexible method, etc.) are 
designated. The present algorithm utilizes dissimilarity. 
When similarity is selected for clustering, a minus sign may 
be applied in front of the calculated similarity to give an 
inverse number as for conversion to dissimilarity. 
Once these values are set, each item is checked whether 

it is proper or not. The items are (i) whether the clustering 
applied region T, to T, is included in the region To to T, 
(Step 603), (ii) whether the clustering range S is within the 
width of the clustering-applied region (Ssend-start) (Step 
604), and (iii) whether the similarity or dissimilarity com 
plies with the algorithm of the selected clustering method 
(for example, when centroid method, median method or 
Ward method is employed as the algorithm, squared Euclid 
ean distance should be selected) (Step 606). If any of these 
values is not proper, an error signal is output to the display 
device 102 to demand re-entering (Step 607). 
When all of the set items are confirmed proper, an average 

level G (g(Oi+gli+ . . . gni)/n) of expressions of 
a geneg, (where i=1, 2, ... m) is calculated (Step 608). 

In order to store display information of each gene, an 
array III (I=0, 1,... m) 502 (FIG.5) and an integer variable 
lmax are prepared. Each II is a structure data that consists 
of a member indicating an index of a gene (index) and a 
member indicating the location of the dividing line between 
distinctive clusters (linepos) as shown in FIG. 5. The mem 
bers of the structure can be set or referred to as 1.index or 
1I.linepos. For all “I”, the value of II.linepos is initiated 
as T (Step 609), and the value of Imax is set to “0” (Step 
610). Then, the value of “start” is set to variable t (Step 611). 
The present algorithm employs an abstract data type 

called “cluster” which indicates set of integers. A cluster has 
an interface for registration and deletion of an integer and for 
reference of the registered data. 

Finally, cluster B is generated to which {0, 1, 2, ... m} 
is registered (Step 612), whereby the whole process is 
ended. 

After the above-described initialization, the clustering 
applied region 201 is processed. Specifically, the display 
area is determined by using t and B set above as arguments 
(Process A in Step 402 of FIG. 4). 

FIG. 7 is a flowchart showing in detail the process of 
determining the display area (Process A) in FIG. 4. The 
display information is registered in the array 1 during this 
Process A. 

First, let the given cluster and time be B and t, respec 
tively, as arguments (Step 701). Then, B is subjected to 
clustering (Process B) where tand B are given as arguments. 
As a result of Process B, the total number of the clusters and 
the clustering results are set to cmax and AJ (J-1, 2, . . . . 
cmax), respectively (Step 702). Details of Process B will be 
described later. 

Then, whether “t+S” equals “end” is judged (Step 703). 
When they are equal, it means that the end of the slit 501 has 
reached the end of the clustering-applied region 201, 
whereby the clustering process is ended. The following 
process is executed for each cluster until J exceeds cmax 
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8 
(starting from J=1) (Steps 704 and 705). Where the elements 
of cluster AJ are {i,..., is these elements are aligned and 
displayed under a certain rule. Here, the average of the 
expression levels G, . . . . G corresponding to the elements 
are aligned in a descending order to be rearranged as G, ... 
G. (Step 706). 
Then the value for array 1 is entered. Specifically, “l 

.index' which indicates the positional information of the 
expression pattern data is set as Ilmax.index , Ilmax+ 
1.index j . . . , 1 Ilmax+k-1.index j such that they are 
arranged in a descending order according to their average 
brightness (Step 707). The value “t” is entered into “llmax+ 
k-1.linepos” which indicates the line for dividing distinc 
tive clusters (a solid line 202 extending in horizontal direc 
tion is representatively shown in FIG. 2) from time “t’ to 
“t+S (=T)” (Step 708). 

Next, k is added to limax for indicating the maximum 
number of the already entered data of array 1 (Step 709). 
Then, J is incremented to perform the next clustering (Step 
710). 
On the other hand, when “t--S” does not equal “end” (i.e., 

when the end of the slit 501 does not reach the end of the 
clustering-applied region 201) at Step 703, t is incremented 
and J is set to “1” (Step 711). The following procedure is 
performed for each cluster until J exceeds cmax (Step 712). 
Specifically, AJ is substituted for B (Step 713), and the 
display area is determined using time t and cluster B as 
arguments (Process A) (Step 714). Then, the value 't' is 
entered into “llmax-1.linepos” which indicates a line for 
dividing distinctive clusters from time “t” to “T” (Step 
715). Then, J is incremented to perform the next clustering 
(Step 716). If the procedure is finished for all clusters AJ 
(J-1, . . . . cmax), the process is ended. 

FIGS. 8 and 9 are flowcharts showing algorithm of the 
clustering process (Process B). 

First, the entered cluster and time are used as arguments 
B and t, respectively (Step 801). 

Then, where the elements of cluster B are is . . . 
similarity or dissimilarity d, (i-j and i,je{i. i2. . . . 
between genes corresponding to it, .. 
t+S is calculated (Step 802). 
The similarity (dissimilarity) of gene expression data {g 

Oil, g1 (il. . . . . g nil of genes g. g, is a value 
obtained, for example, by the following calculation (Step 
802). 

(1) When Pearson's correlation coefficient is designated 
as similarity, 

i. 
i.) 

... it from time t to time 

(1) 
X (g(k)(i)-gi)(g (KILil-gi) 

Since the present algorithm targets dissimilarity, the 
obtained similarity has to be converted to dissimilarity by 
providing with a minus sign to give an inverse number. 

(2) When squared Euclidean distance is designated as 
dissimilarity, 
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(2) 

(3) When standardized squared Euclidean distance is 
designated, 

(3) 

where S is a variance of variable gk O. . . . 
(4) When Mahalanobis distance is designated, 

where gl=(gt I. . . . 
matrix of gil, gil. 

(5) When Minkowsky distance is designated, 

... gkn 

(4) 

gt+ST), and S is covariance 

(5) f+S lik 

di = (). gli -In) =t 

Then, clusters CIT, . . . . Ck are generated which are 
registered as Cle-i},..., CIk<-{i} (Step 803) Variable 
ccnt indicating the number of the generated clusters is 
substituted with k (Step 804). Then, a null set of cluster D 
is generated (Step 805). 
Then the minimum value d of the calculated dissimi 

larity d, (i,je{1, 2, . . . . ccnt}-D) is obtained to judge 
whether it is less than the preset threshold K, (Steps 806 and 
807). When d is less than K, the following procedure 
takes place. Cluster CIccnt+1 is newly generated. A Sum set 
of elements contained in clusters Cp and Cc is registered 
into cluster CIccnt--1 (Step 808) and the elements are 
deleted (Step 809). Since Cp and Cd are no longer 
necessary, p,q are registered into D (Step 810). Then, 
dissimilarity d between cluster Ch (he{1,2,..., 
ccnt-D) and cluster CIccnt+1) from time t to time t-i-S is 
obtained (Step 811), d can be obtained by the follow 
ing calculation, where when n(k) is the number of elements 
in cluster Ck and: 

(1) when the clustering method is nearest neighbor 
method, C. 

(2) when the clustering method is furthest neighbor 
method, C=0.5, B=0.5, y=0 and 8-0.5; 

(3) when the clustering method is group average method, 
C.-n(p)/n (ccnt--1), B-n(q)/n(ccnt+1), Y=0 and 8–0; 

(4) when the clustering method is centroid point, C. n(p)/ 
n(ccnt+1), B-n(q)/n(ccnt+1), Y=-n(p),(q)/n(ccnt+1), 
and Ö=0; 

(5) when the clustering method is median method, C.-0.5, 
|B=0.5, y=-0.25 and 8–0; or 

(6) when the clustering method is Ward method, C.-n 
(h)+n(p)}/{n(h)+n(ccnt+1)}, (3={n(h)+n(q)}/{n(h)+n 
(ccnt--1)}, Y=-n(h)/{n(h)+n(ccnt+1)} and 8-0. 

Then, “1” is added to the variable cent indicating the 
number of the generated clusters (Step 812). The above 
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10 
described procedure is repeated until the minimum value of 
updated dii (i,je{1, 2, . . . ccnt-D) exceeds K. 
When the minimum value d of d, exceeds K, at Step 

807, clustering is finished and the results are output. First, 
clusters which do not contain a null set are judged and 
determined among clusters CI1 to CIccnt and the total 
number thereof is entered as cmax (Step 813). Then, cmax 
number of clusters A1, . . . . Acmax are generated (Step 
814). Average expression levels of genes contained in the 
clusters without a null set are calculated, that is, to obtain 
G' (G+...+G)/k for clusters Cpl i? ... , i. Where the 
obtained values sequentially aligned in a descending order 
are G. . . . G'. A1, . . . Acmax) are registered as 
Cpl. . . . Cpl (Step 815). Finally, the total cluster 
number cmax and clusters A1, . . . . Acmax are output 
(Step 816), thereby ending the whole process. 

FIG. 10 is a flowchart showing detailed algorithm of the 
displaying process shown in FIG. 4. This algorithm reads out 
array land displays expression data of a corresponding 
gene. 

First, let value i be “0” (Step 1000) and repeat the 
following procedure for each gene expression data until 
value i equals limax (Step 1001). Then, the values of expres 
sion data gk IX (k=0, 1,..., n) corresponding to a single 
row of a gene indicated by X-li.index is converted to 
correlating display colors to be displayed as an i” row (Step 
1002). The dividing line between the clusters is drawn 
immediately below the just displayed i” row from time 
i.linepos to T. (Step 1003). 
Where li.linepos is initial value T, there is no need of 

drawing a dividing line between the clusters. i is incre 
mented for 1 (Step 1004) and the entire procedure is ended 
when i becomes limax at Step 1001. 
By the above-described process, expression patterns of 

different genes can effectively be displayed such that the 
patterns are arranged to be the same at the beginning of the 
clustering- applied region and become different at Some time 
point in the region, as shown in FIG. 2. 
On the other hand, gene expression patterns of different 

genes can effectively be displayed such that the patterns are 
arranged to be different at the beginning of a clustering 
applied region and become the same at Some time point in 
the region, as shown in FIG. 3. Such display can be realized 
by setting li.linepos to T at Step 609 (FIG. 6), setting 
t to end at Step 611, setting the judgment condition t+S-end 
to t-S=start at Step 703 (FIG. 7), substituting te-t-1 for 
te-t--1 at Step 711, and drawing a dividing line between 
clusters within a range T to li.linepos. This means that 
the end of a slit is set to T at the beginning and then 
clustering step is performed while shifting the slit in a 
reverse direction along the time axis. 

Hereinafter, an exemplary application of Such clustering 
method will be described, where clustering is performed by 
shifting the slit from the beginning of the clustering-applied 
region in a forward direction along the time axis to give a 
display shown in FIG. 11. When expression patterns resem 
bling each other (enclosed with dotted lines 1101 and 1102 
in FIG. 11) are obtained, these genes are marked (1103) and 
clustering is performed for them from the end of the clus 
tering-applied region 201 in the reverse direction along the 
time axis. If the marked genes (1103) are at close locations 
as shown in FIG. 12 (e.g., (1) and (4), (3) and (6)), these 
genes should have different expression patterns at the begin 
ning and should become to have the same expression 
patterns at Some point. Such bi-directional clustering allows 
easy guessing of expression status of each gene. 
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Furthermore, where T, T, and slit width S are set to 
To T, and n, respectively, the same display as that of the 
result of P. Brown et al. mentioned in the Background of the 
Invention can be obtained. 
The present example is not limited to the above descrip 

tion, and details can be modified upon practice. For example, 
the boundary where the expression pattern changes can be 
displayed with a combination of known display formats, 
Such as a flicker display, a bright display and a color 
reversion display. 
The processing by the clustering processor 105 can be 

stored as a program in a storage medium (e.g., CD-ROM) to 
be provided to a user of a computer. 

The data of genes is not limited to time sequential 
expression data, and the horizontal axis (time axis) shown in 
FIGS. 2 and 3 may represent other basis. For example, 
expression patterns of cancerous and normal cells from the 
same human tissue can be combined and simultaneously 
clustered so as to find genes that specifically function to 
cancer, genes that specifically function to normal cells and 
genes that specifically function to both types of cells. 

FIG. 23 is a view showing an example of combining and 
clustering cancerous and normal cells according to the 
present embodiment. Referring to a gene group 1 (2301) in 
FIG. 23, genes as a whole are strongly expressed in the 
cancerous cells while Some of the genes are expressed but 
Some are not in the normal cells. Referring to other gene 
group 2 (2302), while weakly expressed genes are gathered 
in the cancerous cells, some of the genes are expressed but 
Some are not in the normal cells. By simultaneously clus 
tering two types of cells as described above, the behaviors 
of genes can generally be understood in detail. 

Other than comparing difference between states at differ 
ent time points or between states of tissues, comparison can 
be made for difference between species such as human and 
yeast, difference between sites of individual such as stom 
ach, large intestine and heart, difference of expression pat 
terns obtained upon electric shock, shock by high tempera 
ture or shock by low temperature, difference between 
presence and absence of an artificial condition, for example, 
expression patterns before and after drug administration, or 
difference of a combination thereof. 

Hereinafter, another embodiment of the invention will be 
described. 

FIG. 13 shows an exemplary display of results of a 
clustering analysis according to the present invention. 
The display shown in FIG. 13 is based on a part of the left 

part corresponding to the part Surrounded by a dotted line 
2601 on the right part of FIG. 26, the left part showing the 
entire results of clustering a mass amount of gene expression 
pattern data. However, FIG. 13 may represent the entire 
results of clustering shown on the left part in FIG. 26. 

In FIG. 13, a dendrogram cross-cutting line 1302 movable 
on a phase scale bar 1301 can be controlled by a user with 
a pointing apparatus such as the mouse 104 to find out the 
expression status at a second section ((2)) of the phase scale 
bar 1301. It indicates information 1303 (a round number of 
clusters) that three gene groups exist at the second section as 
a result of the clustering. 
A dividing line 1304 is drawn on the gene expression 

pattern data 1300 and the resulting gene groups A, B and C 
are specified (by a gene group-specifying marks 1305). 

FIG. 14 shows a specific structure of the gene expression 
pattern data 100 stored in the storage memory 101. The gene 
expression pattern data 100 exemplified here has m number 
of vector data 1402 corresponding to the number of gene IDs 
1401. The indices of the arrays correspond to n number of 
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12 
experiment cases. Each element of the arrays stores numer 
ated data of gene expression levels (brightness of the hybrid 
ized fluorescent signals). 

FIG. 15 shows exemplary cluster structures utilized upon 
clustering. There are two types of cluster structures, namely 
a cluster structure 1501 whose type member value is “leaf 
(left) and a cluster structure 1502 whose type member value 
is “node' (right). 
The leaf-type cluster structure 1501 corresponds to 

expression pattern data of each gene (i.e., each array data of 
FIG. 14), and the gene ID indicates a value of the gene ID 
member (e.g., 17). The “level of the cluster is set to zero. 
The node-type cluster structure 1502 is sequentially gen 

erated upon the joining process during clustering. The two 
clusters prior to joining can be reached based on the values 
of the left member and the right member, and the distance 
therebetween is stored as a value of the distance member. 
The level of the cluster is set considering a value of a 
recognition error range (e.g., 5). 

FIG. 16 is a diagram showing a structure of data generated 
during the course of clustering analysis. At the beginning, 
there are only the leaf-type cluster structures 1501. Then, 
every time the structures 1501 are paired during the course 
of clustering analysis, a node-type cluster structure 1502 is 
generated, thereby configuring a tree-structure. The node 
type cluster structures 1502 are linked in the order of 
generation so that it can be reached from the array node 
clusters. Variable inclus 1601 gives the total number of the 
generated node-type cluster structures 1502. 

FIG. 17 is a diagram showing an example of a data 
structure for storing the number of gene groups resulting 
from a certain analysis and display information for drawing 
the dividing line 1304 between the gene groups. The interval 
structures 1701 corresponding to the phase of the phase 
scale bar 1301 are sequentially generated during the group 
ing process considering the recognition error range, and are 
linked so that they can be reached from the array intervals 
1702. The variable level Stores the total number of the 
generated interval structures. 

Each interval structure 1701 has members such as num 
clust, min dist, max dist and borders. The num clust mem 
ber has information of the number of the gene groups upon 
grouping, min dist and max dist members have the mini 
mum and maximum values, respectively, in the phase with 
respect to the distance between the clusters, and the borders 
member has the positional information (the line number) for 
drawing a dividing line in the gene expression pattern data 
13OO. 

In order to determine which vector data corresponding to 
the gene ID (FIG. 14) should be displayed on which line of 
the gene expression pattern data 1300, the array disp leaf 
clusters 1703 is provided with the gene ID value to be 
displayed as i' array element corresponding to i' line. 

FIG. 18 is a flowchart showing a general process accord 
ing to a method for displaying gene expression patterns of 
the present embodiment. 

First, the gene expression pattern data 100 stored in the 
storage medium 101 is read by the display processor 105 
(Step 1800). The specific structure of the expression pattern 
data 100 is shown in FIG. 14. 

Next, each of the parameters necessary for the clustering 
analysis is set (Step 1801). At this point, the recognition 
error range entered by the user with the keyboard 103 is 
accepted and stored as variable E. The recognition error 
range provides a threshold for defining dissimilarity or 
similarity between expression pattern data of two genes 
shown in FIG. 14. Specifically, when the difference between 
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the expression patterns is greater than the recognition error 
range, they are distinguished as distinctive data. 

After setting the parameters, clustering analysis is per 
formed (Step 1802). During this clustering analysis, infor 
mation necessary for the display according to this embodi 
ment is collected and display data is calculated, which will 
be described later in detail. 

Finally, the results of the analysis are displayed (Step 
1803). The previously collected and calculated display data 
are used for the characteristic display of the present embodi 
ment (i.e., the phase scale bar 1301, the dendrogram cross 
cutting line 1302, the dividing line 1304 of the gene expres 
sion pattern data, and the gene-group-specifying marks 
1305). 

It is also possible to display the gene-group-specifying 
marks 1305 only for clusters consisting of at least a prede 
termined number of gene expression data, and not to display 
for clusters consisting of data less than the predetermined 
number of gene expression data. 

FIG. 19 is a flowchart showing the process of clustering 
analysis (Step 1802) shown in FIG. 18 in detail with respect 
to the process of generating a cluster tree (the first-stage 
execution). 

Referring to FIG. 19, m number of vector data 1402 
corresponding to the gene IDs 1401 shown in FIG. 14 are 
registered as m number of leaf-type cluster structures 1501 
as target clusters to be joined (Step 1900). Then, cnum (the 
number of the clusters to be joined) and inclus (the number 
of the generated node-type cluster structures 1502) are 
initialized as “m” and “0”, respectively (Step 1901). Then, 
cnum (the number of clusters to be joined) is judged whether 
it is equal to “1” or not (Step 1902). If not, the following 
procedure is repeated until it is equal to “1”. 

First, two clusters having a minimum relative distance 
therebetween are selected from the registered cluster struc 
tures (Step 1903). A node-type cluster structure C is newly 
generated (Step 1904), and the number of the node-type 
clusters is incremented (Step 1905). The new node-type 
cluster structure is registered as the nclus' structure of the 
array node clusters (Step 1906). The two clusters selected 
in Step 1903 are registered as the left and right members of 
the new node-type cluster structure, and the distance ther 
ebetween is registered as the distance member of the new 
node-type cluster structure (Step 1907). 

It is also possible to set up a judging basis for which one 
of the two clusters should be the left or right member. 

Finally, the two cluster structures are removed from the 
target cluster structures to be joined, a new node-type cluster 
structure is registered (Step 1908) and the value of cinum (the 
number of the clusters to be joined) is decremented (Step 
1909). 
When the value of cinum equals “1” upon the judgement 

of Step 1902, the process proceeds to a procedure of the 
flowchart shown in FIG. 20 (process of setting the cluster 
levels). 

FIG. 20 is a flowchart for setting the cluster level (the 
second-stage execution). 
The node-type cluster structures generated by the first 

stage process are all registered in the array node clusters 
(FIG. 16) and the values of their distance members are 
generally aligned in an ascending order according to the 
index of the array. However, depending on the selection of 
algorithm, the distance members may not be aligned in an 
ascending order. Thus, first, the distance member of each 
node-type cluster structure registered in the array node clus 
ters is verified (Step 2000). 
When the distance members are judged that they are not 

aligned in an ascending order by this verification, node 
clusters is subjected to a sorting process. Alternatively, 
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14 
only the part not in an ascending order may be detected and 
Subjected to an additional process. 

Then, each variable is initialized (Step 2001). Specifi 
cally, the variables are counter i of the array node clusters 
(initial value: 1), cluster level level (initial value: 1), a value 
of distance member curr dist of the presently processed 
node-type cluster (initial value: 0), and a value of distance 
member prev dist of the previously processed node-type 
cluster (initial value: 0). 
The value of counter i and the value of variable inclus are 

compared to perform the following procedure to each ele 
ment of the array node clusters (Step 2002). 

First, a distance member value of an ith node-type cluster 
is stored as variable curr dist (Step 2003) to judge whether 
or not the difference between the variables curr dist and 
prev dist is Smaller than the recognition error range E 
determined by the user (Step 2004). 
When the difference is greater than E, the variable level is 

incremented (Step 2005) and an interval structure is newly 
generated. Then, the values of prev dist, curr dist and 
(inclus-i--1) are set as min dist, max dist and num clust 
members of the newly generated structure, respectively, and 
register the newly generated interval structure as a level" 
element of the array intervals (Step 2006). The borders 
member is provided with a null set as a default value. 
When the difference between values curr dist and pre 

v dist is less than E in Step 2004, steps 2005 and 2006 are 
omitted and the following procedure proceeds. 
The value of the variable level is registered as a value of 

the level member of the node-type cluster structure regis 
tered in the node clustersi (Step 2007). 

Finally, the curr dist value is shifted to prev dist, the 
counter i is incremented (Step 2008) and the process returns 
to Step 2002. 
When all of the elements of the array node clusters are 

completely subjected to the procedure of steps 2003 to 2008 
(Step 2002), a procedure shown in FIG. 21 proceeds. 

FIG. 21 is a flowchart showing the process of clustering 
analysis (Step 1802) shown in FIG. 18 in detail with respect 
to generating display data (the third-stage execution). 

First, variable j indicating an index of array disp leaf 
clusters is set to “1”, and a value of an argument cluster 
used for the Subsequent display data generating process 
(Process A) is set to a node-type cluster structure indicated 
by the nclus" element of array node clusters (Step 2100). 

Then, Process A (display data generating routine) is called 
using cluster as an argument (Step 2101). In step 2101, 
Process A is recursively called to collect and calculate 
display data during the course of tree-walking along the 
tree-structure of clusters generated according to the flow 
chart of FIG. 19. When this recursive process is finished, the 
clustering analysis is ended. 

FIG. 22 is a flowchart showing Process A (display data 
generating routine) (Step 2101) shown in FIG. 21 in detail. 

First, a value of the type member of the cluster structure 
given by the argument cluster is checked (Step 2200). 
When the given cluster structure is of a leaf-type, a value 

of the gene ID member of that cluster structure is set as j" 
element of array disp leaf clusters (Step 2201) and j is 
incremented (Step 2202). 
On the other hand, when the cluster structure given by the 

argument cluster is of a node-type, Process A using the left 
member cluster as an argument is recursively called (Step 
2203). Then, the given cluster is subjected to a process 
(Steps 2204 to 2206) and finally, Process A using the right 
member cluster as an argument is recursively called (Step 
2207). 
As to the process of the given cluster, first, the level 

member of the given cluster, the level member of a cluster 
linked via the left member and the level member value of a 
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cluster linked via the right member are set to variables 
my level, 1 level and r level, respectively (Step 2204). 
Then, either smaller value of 1 level or r level is compared 
with the value of my level (Step 2205). 
When the value of my level is greater than the other, is 

while index k is incremented from min{1 level, r level to 
(my level-1), the value of the variable j is added to a set of 
borders member of the interval structure indicated by inter 
valsk (Step 2206). 
When my level is smaller than the other upon comparison 

in Step 2205, process of Step 2206 is omitted and the process 
proceeds to Step 2207. 
When the above-described series of processes performed 

on the leaf- and node-type cluster structures are finished, 
Process A is ended. 

Thus, clustering analysis can be displayed as shown in 15 
FIG. 13. 

First, the gene expression pattern data 1300 can be 
displayed line by line from the top by utilizing information 
of array disp leaf cluster . The dendrogram can be dis 
played based on the tree-structure data having clusters as 
roots indicated by node clustersnclus. 
The phase scale bar 1301 and the dendrogram cross 

cutting line 1302 which are characteristic of the present 
embodiment can be displayed with reference to the min dist 
and max dist member values of each interval registered in 
array intervals. The number of the resulting gene groups 
1303 can be displayed with reference to num clust member 
value. 
The dividing line 1304 between the displayed gene groups 

in the gene expression pattern data and the gene-group 
specifying marks 1305 can be displayed with reference to 
the borders member value. 

The processes shown in FIGS. 18 to 22 can be stored in 
a storage medium (e.g., CD-ROM) as gene expression 
pattern analyzing/displaying program to be provided to users 
via a personal computer, a work Station or the like. 

Herein, the result of the analysis is displayed on a display 
device. However, the results can be printed out with a 
multicolor printer which has recently been greatly improved. 
According to the present invention, the idea of display also 
comprises a printed out display. 

According to the present invention, expression of a part of 
cell cycle can be designated to perform clustering in that 
region in a small range. Based on the displayed results, the 
user can observe the course of expression status of genes in 
more detail to efficiently study the biological functions of the as 
genes from its expression status. 

Furthermore, the present invention can automatically 
extract brief results from the entire results of clustering and 
select and display the results at multiple phases selectable by 
the user in an apprehensible manner. Thus, the user can 
readily judge from the display how many clusters have been 
grouped for studying the grouping of genes. 

All publications, patents, and patent applications cited 
herein are incorporated herein by reference in their entirety. 
What is claimed is: 
1. A method for displaying gene expression patterns of 55 

multiple genes whose expressions change according to 
experiment cases, where a first axis represents the genes and 
a second axis represents gene expression status of the 
experiment cases, the method comprising the steps of 

designating a clustering-applied region along the second 60 
axis and a segment shorter than a width of the cluster 
ing-applied region along the second axis; 

incrementally clustering the expression pattern data by the 
segment within the clustering-applied region in a for 
ward or reverse direction along the second axis by 
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calculating similarity or dissimilarity for clustering 
within a clustering range as wide as the segment along 
the second axis based on a respective reference value 
set for each clustering range; and 

displaying the results according to a predetermined dis 
play format. 

2. A method for displaying gene expression patterns 
according to claim 1, further comprising comparing a plu 
rality of expression patterns of every two different genes to 
determine whether said genes are identical or not. 

3. A method for displaying gene expression patterns 
according to claim 2: 

wherein some of the multiple genes have the same expres 
sion pattern at the beginning of said experiment cases 
but change to different expression patterns within the 
clustering-applied region along the second axis. 

4. A method for displaying gene expression patterns 
according to claim 2: 

wherein some of the multiple genes have different expres 
sion patterns at the beginning of said experiment case 
but change to the same expression pattern within the 
clustering-applied region along the second axis. 

5. A method for displaying gene expression patterns 
according to claim 1, wherein some of the multiple genes 
have the same expression pattern at the beginning of said 
experiment cases but change to different expression patterns 
within the clustering-applied region along the second axis. 

6. A method for displaying gene expression patterns 
according to claim 1, wherein some of the multiple genes 
have different expression patterns at the beginning of said 
experiment case but change to the same expression pattern 
within the clustering-applied region along the second axis. 

7. A method for displaying gene expression patterns 
according to claim 1, wherein the experiment cases are 
conducted in a time sequence. 

8. A method for displaying gene expression patterns 
according to claim 1, wherein the experiment cases are states 
of an individual’s tissue. 

9. A method for displaying gene expression pattern 
according to claim 1, wherein the experiment cases are 
species of individuals. 

10. A method for displaying gene expression pattern 
according to claim 1, wherein the experiment cases are 
before and after drug administration. 

11. An apparatus for analyzing gene expression patterns, 
which acquires, from a database, expression pattern data of 
multiple genes whose expressions change according to 
experiment cases, where a first axis represents the genes and 
a second axis represents gene expression status of the 
experiment cases, the apparatus comprising: 

an inputting means for designating a clustering-applied 
region along the second axis and a segment shorter than 
a width of the clustering-applied region along the 
second axis obtained from the database, and an arith 
metic unit for incrementally clustering the expression 
pattern data by the segment within the clustering 
applied region in a forward or reverse direction along 
the second axis by calculating similarity or dissimilar 
ity for clustering within a clustering range as wide as 
the segment along the second axis based on a respective 
reference value set for each clustering range; and 

a display means for displaying the results according to a 
predetermined display format. 
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